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MOLECULAR , MODEL FOR VLA,^4 ' INHIBITORS ; 

The present invention relates to a novel .pha^m^sapia©^© • 
model for identifying compounds that are useful for the 
inhibition, alteration or prevention of the' binding of the 
integrin VLA-4 to its ligands . This invention also relates to 
5 me%l^ds^©#^c^ inhibit VIA- 4 - 

binding to its ligands as well as novel molecules which have / 
. features which map to the claimed models - 

Background of the Invention 

In recent years, rational drug design has become a common 
10 approach to identifying new drug? in. the pharmaceutical 

industry . This approach requires selecting a protein target 
molecule which plays a critical role in a physiologically 
relevant biological pathway. The chemist typically begins with 
. the natural ligand as the lead and modifies it to produce a 
15 compound with the desired properties. The natural ligand or 
substrate of this protein is manipulated to produce an enzyme 
inhibitor, or. an agonist or antagonist for a receptor, 
depending upon the identified therapeutic need, capitalizing, 
upon knowledge of what is known about the mechanism of action 
20 of the protein- ligand complex. 

Most ceil receptors have a developed pharmacology of 
agents that act as agonists or antagonists. However, despite 
extensive pharmacological research . and the development of many . 
new methodologies and laboratory techniques, certain receptors, 
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and/or their action still remain elusive and no desirable 
antagonists have yet been discovered to inhibit or modulate 
their activity. : 

Additionally^ cSf£^ ^rta'xn antagonists of a 

particular cell receptor are known/ however, there, remains a 
need for methods of identifying new inhibitors , new molecular 
entities and methods to quickly and effectively determine 
whether a particular compound possesses a desired 
pharmacological activity. , 

Cell adhesion is one of the fundamental mechanisms 
underlying numerous biological phenomena , such as, for ^xample, 
the adhesion of hematopoietic cells to endothelial cells,, and . 
the subsequent migration of those hematopoietic cells out of 
the blood vessels and. to the site, of injury. Thus, cell 
adhesion is ^ known to play a role' in numerous pathologies such 
as inflammation and immune react ions . 

a4(3i integrin , also known as very late antigen -4 ("VLA- 
4" ) ' t is a leukocyte ceil surf ace receptor' that participates in 
a wide variety' of both cell-cell arid cell -matrix adhesive 
interactions: It' serves as a receptor for the cytokine - 
inducible endothelial cell surface protein, Vascular cell 
adhesion molecule- 1 ("VCAM-l" ) , as well as to the extracellular 
matrix protein f ibronectin. Results - of several in vivo 
experiments suggest that the inhibition of VLA-4 dependent cell 
adhesion may prevent,, inhibit or alter several inflammatory and 
autoimmune pathologies . 

In order to identify- the minimum active amino. acid 
sequence necessary to bind VLA-4, Komoriya et al . synthesized a 
variety of overlapping peptides based on the amino acid 
sequence of the.GS-1 region (the \TLA-4 binding domain) of a, 
particular species of f ibronectin. ("The Minimal Essential 
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. Sequence for a Major. Cell ' Type-Specific Adhesion Site'fCSl) 
Within the Alternatively Spliced Type III Connecting' Segment 
Domain of v •Fibroneetin : Is Leucine-Aspartlc - Acid-Valine " , J. 
B : iol BO Chem, , 3 266 j (23 ) pp. .15075- 79 (1'991)' ) ' they- identified an 
8.- amino - acid peptide, • Glu-Ile-Leii^Asp-Val -Pro-Ser r ^Thr ( ' 'as Well 
: as two , smaller overlapping pentapeptides, Glii^Ile-Leu-Asp- Val 
and iei^AK^j^al^o^-Ser^ that possessed, inhibitory- activity 
against FN- dependent cell adhesion . These results suggested 
that the tripeptide .L^-Asp-Val was the minimum sequence for 
cell -adhesion activity. It was later shown that Leu Asp-Vai 
binds onl Y : t° - lymphocytes: that express an activated form of 
VLA-4, thus .casting -doubt on the utility of such a peptide in 
: vivo ., (E .- A --, Wayner et,al . , " Ac ti va t ion> Dependent Recognition by 
Hematopoietic Cells of the LDV Sequence in the V Region of. 
Fibroneetin " , . J-. Cell. Biol., 116(2), pp. 4 89-4 97 (1992) ; : 
However , certain- larger peptides containing the^LDV sequence 
were subsequently shown to be active in vivo (T. A: Ferguson et 
al - ' " Two Integrin Binding Peptides. Abrogate T -cell - Mediated 
Immune Responses In Vivo", Proc. Nati . Acad. Sci. USA, 88, pp. 
8072-76 (19 91) ; and S . M. Wahl et al .. , "Synthetic ' Fibroneetin 
Peptides Suppress Arthritis in Rats by Interrupting Leukocyte 
Adhesion and Recruitment", J. Clin. Invest., 94, pp. 655-62 
.,(1994) ) . '., . .. ..„ f , , -,; 

A cyclic pentapeptide, Arg-Cys -Asp-TPro-Cys 
(wherein T-Pro denotes 4 -thioproline) , which can inhibit: both 
VLA-4 and VLA-5 adhesion to FN has also been described. (See, 
e.g. , D.M. :; Nowlin et al . "A Nov.el^Cyclic Pentapeptide Inhibits 
a4(3l and a5 pi Integrin -mediated Cell Adhesion", J. Biol . Chem . ,' 
268(27), pp. 20352-59 (1993); and PCT publication : 
PCT/US 9.1/ 04.8 62) . This pentapeptide was based on the tripeptide 
sequence Arg-Gly-Asp from FN which had been known as a common 
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, "...motif;- in the recogni tioji : siter f or . seve-ral ex t race llulfar -matrix 

_ proteins . ,. • ' e^-^T --^^ . - * • ••' • •• •' • • ' •' • - ; '• ' - 

■ reported,,,^ £^ 

5 application- S.N. , 08/376,3.72; specifically incorporated by 
reference: herein. r .USSN 376>372 .describes linear- pep t i 
compounds containing (3- amino acids which " h^ve e^ll "adhesion 
inhibi tory • activity . International pat eri fc appl i c a t i oiiU WO 
94/15958 and WO 92/00995 , specifically incorporated by" 

10 reference , describe cyclic : peptide and peptidomimetic compounds 
with cell adhesion modulating activity.- International patent 
\ applications WO. 93/08823 and WO 92/0 8464 ^specifically ' 

incorporated ■ by ref erence herein) describe 'guahidinyl - , ' urea;- 
and thiourea -containing cell adhesion modulating compounds . 

15 United States Patent No .• 5 , 260 ,277 describes guanidinyl cell 
adhesion modulation compounds, and is also specif icatlly 
. incorporated herein. | ' ■ • 

As discussed above , it is desirable for several reasons to 
approach the discovery of new drugs in a rational' as opposed to 

20 a random manner. Thus, • rather than making random 

modifications to a compound, one can rationally optimize the 
compound . ^ 

Ideally, a three dimensional model of the binding mode of 
inhibitors to a receptor is sought such that a correlation 

25, between the structure of the compound and its effect oh 

biological activity can be derived . Several general approaches 
exist for determining .the three dimensional quantitative 
structure activity relationships of compounds and their 
receptors or ligands , including , but not limited to : 

30. CATALYST™ (Greene et al . , 1994'/ "Chemical Function queries for 



Three- dimensional database search''- y " " Jl 'Chern Inf ' Comp . Sci . , 
^4 ,v t .12^1-1308;); DISCO. .(.Martin YvC. r y - ; et- ; al . ; 1993 , : "A Fast new- 
approach , to pharmacophore mapp ihg- and ' its appfidation to 
^ dopine rg i c . . and benzodiazepine agonists" / J : . : Comp '. : Aided Mol . 
5 Design, 7 , . 83 T 102), COMFA (Cramer 0 R: If: , - 1^8 8 ; ; ' '^Comparative 

, molecular field- analysis [GdMFA^ '•*!"'. Effect" of Shape on Binding • 
of Steroids to. Carrier Proteins", J. "Am. Chem. S6c. , 110 , 5959- 
: 5967.) , Apex3D (Golender , - V. E': And' Vorpagel, E.R. , 1993, 
"Computer-assisted pha^ Three 
10 dimensional -QSAR in Drug Design: Theory , Methods and 

- . Applications , ESCGM Science . Publ . , Netherlands) . Once a three 
.dimensional model is built it can be useful in identifying 
novel compounds . For example , Kiyama i; et- n a r l . were able' to 
identify novel All antagonists based upon a' three dimensional 
15 model of known All. inhibitors. (1995V "Novel Ail receptor 
antagonists. Design, synthesis ; and in- vitro evaluation of 
dibenzo [a , d] ; cycloheptene. and dibenzo{b , f ] oxepin derivatives . 
■ ' . . Searching for bioisoteres of biphenyltetrazole using a Three 
dimensional search technique " , J . ; Med : Chem ; 3 8 , 2728-2741) . 
20 In general,,, there are several fundamental forces which 

govern the molecular recognition between a drug and its 
receptor , including, for example, hydrogen -bonding forces, 
electrostatic and hydrophobic interactions. Until recently 
most descriptions of inhibitors have been based upon two 
25 dimensional atomic topology diagrams which describe chemical 

structures (e.g. indole ring, carbonyl oxygen) . Although these 
diagrams may be useful, they are somewhat limited in the 
information that they provide regarding the details of the 
biological activity of compounds. The availability of 
30 additional information would aid chemists in identifying novel 



... a . ' - 6 - : 
compounds, with:. ^articui^; bi^^ 

.quickly,,., cheaply.; .and wltbu ar;^latlvfeIEy high ^1/eVel -of success . 

, An alternative • vto-vrth^T:two. d ime n sd o nafl •. at bmic'' topology - 
,apiprpach^^ 'piin c t : xo"ir ; que ^ i e s for 

5 Three dimensional det ^baseH-s^areMK'-'; J i - fchem'i Inf / 1 Cdtnp'. Sci 
34 , 12 975l3p8) n dese^ 

features which take into account the • type of : binding T 
interaction of , the. chemical substructure . : ' <\ Figure" i ; e.g. 
H- bonding donor, ; hydrophobe). . rOne advantage : of ' this approach 

10 is that it allows for. ; a- more general description • of -cornpouhds , 
and accounts for i.t=s possible interactions '-With a receptor . • 
The recognition that, alternative: chemicals structure: s'cain 
present . the same chemical f eatures is- c en tr al ; to- dru g ' v ! 
discovery . . • ; v -> . , v ■ , • •• > ■ 1 ■■ ■■ ] :r ; , ' . 

15 Examples ,of the us.e of the feature^'- based description of 

compounds to. describe potent- antagonists 'which : dif f er in 
chemical structure ; - but are . similar in' - the chemi c a 1 f features 
they present . exist , These include , ' for example ,' " ahgibt ens in 
converting enzyme antagonists { Sprague , 19*94 •, "'Buildihg a 

20 hypothesis for Angiotensin Convertings Enzyime inhibition'' , MSI 1 
Inc . , 16 New England • Executive -Park, Burlington, •' MA 01803 ) and 
A 2 antagonists . (Sprague , 19.94, "Building a hypothesis for All 
. Antagonism", MSI. Inc. , 16 New Engl and "Executive ; Park , 
Burlington, MA 018 03) ... . r-,. 

25 Despite these advances, there remains- a need for a model of 

a VLA-4 inhibitor which can be used to identify new specific 
inhibitors of cell adhesion, particularly for methods of 
identifying novel , specific inhibitors of VLA-4 cell adhesion. 
The availability of additional information would aid those 

30 skilled in the art to identify novel compounds with a 

particular biological activity . quickly , inexpensively, and with 
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a relatively high level of success. Ideally, such methods 
would' allow practitioners to predict the inhibitory . activity of 
novel compounds jvhich w 

• treatment , alteration, prevention or Suppression of varipus 
, Y pathologies mediated by cell adhesion and VLA-4 binding.! 

- v ' . ' ' ' ; SUGARY J^£^-aSr^N^NT-ION- — ~j~ 

; Accordingly, /the present invention is directed to a j model 



of a VLA-4 inhibitor, methods of identifying new inhibitors, 
and new compounds which inhibit VLA-4 activity which map to the 
model J which substantially obviate one br more • of the problems 
ue no the limitations and disadvantages of the related art . 
To achieve the features and advantages of the invention, 
as enibodied and: broadly described herein, -^©t^yi^M^i^^^^i^- ' 

'-^^^m^^^^^^^^^^^S^^^m^m^m^ The claimed model 
1 comprises certain features defined by the following tolerance 
and three dimensional coordinates x, y and z . Specifically the 
mode 1 c ompr i ses ,.NEG . ( ,*\N" ) . • - - - ~ " 





Feature 


x ; (A) 


y (A) 


" " (A) 


tolerance 

(A) 


N 


NEG 


-8 .564 


1.564 


-0.236 


1.702 
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arid' at least three features selected from the group consisting 





Feature 


x (A) 


v / (A) 


, z - ^ (A ) - 


• tode r an c e 

- --(A) - 


1 


HBA- 1" - ; '- 


;-r. ; 27S : 


-iv259 ' 


-1 .47 


1.702 


HBA-2 


-2.3 23 


1.539 


-1.35 , 


1 .702 


2 


HBD-1 , , 


6 . 6 9,3 


1 . 98 : 8 


-0 .168 " ' 


1 -TD2 




7: 217 " 


0 . 93 9 


2.63 0 


2.302 




HYD2 


2 .777 


-1 .061 


-1 . 1501 ..,r 


1.702 


; 4 


HYD3. 


-3 . 803; • 


. -4:. 061^ - ' ^ 


^ rf: 270 • 


r i .7 02 


5 


HYD4 ' 


9 . 377 


2.219 


1.050 


1 ,702 


6 


HYD5 


8 .677 


4 .43 9 


. -1 ,330 ; r . : . 


1 .7 02 


7 


HYD6 


, -9.123 


-1 ,5 01 


• 1. 110 " : 


1 .7 02 



The coordinates; of the claimed models define 1 the relative 

relationship between the features , and therefore those skilled 

■ " - - ' ■ . I 

in the art will .readily recognize that the specific coordinates 

are dependent upon the particular coordinate system used J and 

thus, although rotation or translation of these coordinates may 

change the specific values of the coordinates, the coordinates 

will, in "fact, define the claimed models. 

Those skilled in the , art should recognize that the claimed 

models are not without standard error. Thus, the claimed 

models are intended to encompass any model comprising the . 

identified features and having a root mean square of equivalent 

features of less than about 2A. 



\ ; _,;^^ v / MQre- Bpeeifeic&H^:^ h he: model' r l : b r f - t^h^'in^n^roA^ddmpTxaes 
..jth^ f 6"ur 

.feature s ^s ; e^ec| ! ei..iOTi Jthfe'i : grb-U^^ fef *. f e'a'tutes 1 - 7 . 

In oth^r. e-j^o&im^ 
5 f eatures , in addition- to M , ,,i • vIcIbzs^^tq J*xi' . . 

In other ,en±>odi.mest-Sg,--- ; ^ to 
compounds^u^o^ ASYused herein/ 

the terms "map" .and M f it ;are ..used ;rn;terchangeably t'o b denote 
the correspondence, between some or all "of 'the fieatures s in a 
10 .hypothesis and the chemical particular 

conformer of a compound that satisfy those features, as 
r ---f-~coii^^ MSI Inc. , New 

L . . ...England Executive 'Park , Bur|ihgt on , MA Vo 18 03 ; : Greene I. , 1994/ 

\ J . Chem, Inf . Scl. , : "•Chemical Funct ion ..Queriesuf or - 3D Database 

lfs Search, " 34,-. 12 97-13 0^^^ # compounds 

haying . an I..C r 50 value - in a~ VIiA- 4 direct-, binding/assay in the. 
i- range „ of from about . 100 ;|im; to about .1 \im, andi which comprise 
features .which map. tp : NEG,. and an additr^ of 

I the model , are .encompassed|: ~; • : . ■;; 1 ■ " . 

!- - r : ". : ■ ' • : . : : " . J . 

- '& ' " ■ 

20 In yet other embodiments , applicants have. • discovered novel 



methods . for identifying, chemical compounds haying ah' IC 



50 



value in a VLiA-4 direct, binding ■* assay in ; the range of 1 from 

about ioo |iM , to .about i jiM . - ■■^mm^^^Mmmm^pl^m^m^^ 




__Lec tinq an e> 

25 structure to be evaluated ; f,gr VhA^A . inhibit©^— ^et v iv-ity . '^The 
. three dimensional, structure of said compound is then obtained, 
and the structure of the experimental compound is then 
superimposed upon the VLA-4 model of the invention and 
evaluated to determine if the experimental compound "fits" the 

30 model. If the experimental compound fits the model, it is 
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then. .tes^e.d in .a ; direct; binding' assay to determine whether or 
not said e xpe r i men t a 1 :c ompound, has? the" desired inhibitory 
activity. - The compounds of the i : invent ion ' preferably ' ffave an 
inhibitory -activity of ■' about ; 10 ; 6 ; p:M ,: to about 0,5 

5 nM, preferably of less than about 5 0 : "fim ,. mbr'e pref erably less 
; • : than about .• 5 0 0 nM;,. • and ';mos t r: pr e f e r ab 1 y ; Te sis t han " "about 5 0 nMi 
In yet other, embodiments , ; the cTaimed iriveht ion' relates to 
model 2 ; a-, three .dimensional pharmacophore *■ model of a compound 

• having .VLA-4 , inhibitory activity . Model' 2 comprises Neg ("N") 

■ - ( 

10 as defined below, and- at least four of features 1 through 8 . 





Feature^ • • 


x A-;- 


ry ->a A 




tolerance A . 


N 


NEG : z " 




: 2.48 ' " •' 


-o . 84 • ; 


T.'S' 


.1 : 


HBAl-1 • 


/2.625 ' 


0 . 078 


- 0 .451 


1.5 




. HBA1-2- 


• 1 . 434 ' 


2V 84 0 


""-"0" . 44 8 


1.5 ■ ' 


2" ; ' 


^HBA2'-1 


6 .'0'3 8 


-1Y96B ; 


-0.039 


1.5 




. HBA2 - 2 ■ 


•3 .314 r 


-2 . 56 0 : 


1 .832 


1.5 


3 : ' 


HBD- 1 - " 


-6 .17 ' 


' -0 782' 


0.767 


1.5 




HBD-2 


-6.606 


-3.3' 


2.412 


1.5 


: 


HYD2 


-IV 126- 


^ -0 .54 


1.532 


1-5 




HYE3 


1.0 5'4 


-3.78 0 


-2.528 


1.5 ■ 


6 


HYD4 ;; ' ' 


-8 .786 


-1.3 


1,972 




7 


HYD5 ' 


-8 .78 6 


-0 .58 0 


-0.788 


1.5 


f 8 


•HYD6 


'8 .594 


2.12 


-3 .428 


1.5 



Preferably, the model comprises at least 5 to 8 of the 
features 1-8 of Model 2. Additionally , applicants invention 
relates to compounds which fit Model 2 and have features which 
map to between 4 and 8 of the features of Model 2 . The 
15 compounds of the invention preferably have an inhibitory 
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act i vi.ty ^ in-.. , t he : range of - 1 about 100 jiM to about 50 nM, - 
preferably of" less v thari about 50- (im, more preferably less than 
about-' 5 0 0 nMy • and' most preferably, less than about 50 nM. 

: , . .; In mother embodiment's ', the claimed invention relates to 
methods for identifying chemical compounds having VLA-4 
inhibitory; • activity ^usihg J Moclei : 2 in" a "manner similar to that 
described above for Model 1, as well as to compounds obtained 
by the claimed methods . 

In still other embodiments, the claimed invention 
relates to a third three dimensional pharmacophore model of a 
compound having VLA- 4 inhibitory activity . Model 3 comprises 
the following features : ,^ 



Feature 


x (A) 


y (A) 


z (A) : 


tolerance (A) 


Carboxyl C 


-3.131 


-2.023 


2 . 824 


1.2 


Carboxyl 01 


-3.513 


-0 .027 . 


,4 .108 


0.9 


Carboxyl 02 


-1.487 


-0.895 


4 .167 


0.9 


Carbonyl C 


-2.241 


2 .730 


•0 .315 


,0.9 - 


Carbonyl 0 


-3 .067 


3.241 


1.064 


0.9 



As discussed above in relation to Models 1 and 2, the 
invention also encompasses methods for identifying desired 
15 . compounds using Model 3, as well as novel, compounds which map 

to Model 3. Preferably, the novel compounds encompassed by the 
claims have the preferred IC S0 values discussed above. 

It is to be understood that both the foregoing general 
description and the following detailed description are 
20 exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. The accompanying 
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drawings are. included to provide^ a f ur: t her unde r st andih g of the 
invention ,and are incorporated, in and constitute^ a par-t..' of this 
specification, illustrate several embodiments of. the;- invention, 
and together with the description serve. . ; tp explain, the 

principles of the invent ion . iV . ,, ^ .,• • • ' . :. '■ • 

; BRIBF DE S CR I ?T IQN , QZ- TEE DRAWINGS- ■ s '^.r- : 

Figure 1. Atom and Feature-based description of the compound 
M14 . The atom-based description shows the three dimensional 
arrangement of atoms and bonds of M14 . . 

Figure 2,. The overlay, as computed by Catalyst, between M14 
and the claimed VLA-4 Model 1/ The , featur,es,...of, ^t he model have 
been labeled. " ' §' 

Figure 3 (a) - (x) . The chemical structures of compounds which 
map to the VLA-4 model 1. \ 

Figure 4 . The overlay as computed by Catalyst between M2: and 
the claimed VLA-4 Model 2. • j 

Figure 5 . The correspondence- of Model 3 ..and,.. .Gin - 1 le - Asp - Ser - 
Pro region (residues 38-42 ) of the VCAM structure (Bernstein, 
F., 1977, "The Protein Databank : a computer-based archival for 
macromolecular structures," J-. Mol . Biol".;, 112, 535-542 ; 
Brookhaven Code 1VCA) . 

Figure 6 . Overlay of diphenylurea containing compounds from 
the- Cambridge Crystallographic Database (Code names PPESIR, 
KUHWHIT, SILVOY, GIMROJ10, GIMRUP10, GIMSAW10, SALTOW, 
SILTUC01) . (Cambridge ■ Crystallographic Data Center, 12 Union 
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Ro<ad, : Ganibridge :CB2Il£Z , U . KL ) - A top view and' end -'dn- view of 
.the overlaid .compounds are shown . - : ' ' 

Figure 7 . A schematic representation of our search procedure 
y for identifying diphenyiurea -mime tics : 'This' involves defining 
5 and extracting the compound DPUREA' f rdm the Cambridge. 

crystallographic database, and. defining its shape using the 
program catShape . This is defined in terms of a mask which 
represents the 3 principal axes of the molecule and its volume. 
This mask Is then used to search for other molecules in a 
10 Catalyst database with similar shapes and volumes. 

Figure 8 . Examples of diphenyiurea- mlttietlcs extracted, from a , 
mult i conformational database of amine containing caps extracted 
from the ACD. . ^ - ; ' ; ; ■ " ' ■ J " 

Figure 9 . The overlay of the Gin- Ile-Asp-Ser-Prb portion of 
15 the VCAM X-ray : structure •( Residue Number 3 8- 41)' ; and a 
truncated version of . the VLA-4 model.;!, •' 

Figure 10 . The overlay, as computed by Catalyst between M2 
and the VLA-4 model 1. .......... , ., " . • , - : • • 

Figure 11- The conversion . of the compound M5 into M6 ( a VLA-4 
20 inhibitor- The overlay of M6 with the VLA-4 model 1 is shown. 

Figure 12. Comparison of the X-ray structures of Leucine 
Aminopeptidase (Brookhaven Code 1BPM) and VCAM (Brookhaven Code 
1VGA. ) 
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Figure 13, Two potent VLA-4 inhibitors (M13 and. Ml 7) with the 
Model 3. . ■ 
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Figure 14 r . The, fit, of two' novel compounds ^to' the Model 3. 
These were identified by ,- . s e.a r c hi ng; : t hrou gh -a Gbrmriercially 
available database of scaffolds using Catalyst, 

Figure 15, (a) , ; .15(b) 3 , -.15 -(c) .. -A /list of preferrecT compounds of 
5 the- claimed invent ion .,-. v , ; :v «,:. : --- " •/ ' ; ; ■■■■ ■ ' :y -' : ' 

■ ■ ; . ; DETAILED DESCRT-P'T T ON ' ; - 

Reference will now be made :.in detail ,to the present 
preferred embodiments of the invention,, examples of which are 
illustrated in the accompanying drawings . . , j ; . ; 

10 Applicants have invented 3 -dimensional models which 

consist of. the chemical f eatures : needed;, f or : a compound to 
inhibit the binding of ligands to thei VLA-4 receptor . The 
models are generated from structure -activity data and are 
descriptions of chemical substructures or features that are 

.15 important, for. biological activity within a class of molecules . 

Molecules that can- present certain df the - chemical' features in 
a relative three dimensional orientation as " described! by the 
models are predicted to have VLA-4 inhibitory activity as 
- measured by a : VBA-^4 direct binding assay (DBA) and may 

2 0 therefore have therapeutic potential, the models are feature- 
. based, describing compounds on the basis of chemical features 
which take into account the type of binding interaction of the 
chemical' substructure (Greene et al . , 1994 , " Chemical Function 
queries for Three dimensional database search", J. ..Chem.. Inf . " 

25 Comp. Sci . , 34, 1297-1308). (Figure 1 ; e,g. H-bonding 

donor, hydrophobe) . .One advantage of this approach is that it 
allows for a . more general description of compounds, and 
accounts for possible interactions with a receptor.'. The 
recognition that alternative chemical structures can present 
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'the same, chemical. ; features is central 1 to : drug discovery. 
, Examples exist of> the use , of the fe'athre-ba^ed description of 
compounds .to des cr ibe ; .potent, ant agonist S 1 ' which differ in 
chemical, ..structure jbut are sdmilar- in 'the c Hemic a 1 £ e iture s 
5. they^pxe|ent . r , T^ese 

converting : .enzyme .antagonists! and- Al-l- antagonists . : (Sprague , 
1994, "Building a hypothesis^ for All' • Antagonism M ,' MSI The . , 16 
New Engl and. Execut ive Park , • Burlington , MA- 018 03 ) V 

The models of the invention provide those skilled in the 

10 art with a tool for discovering novel VLA-4 inhibitors,, and 

thus ; can be used to evaluate compounds prior to synthesis as , . 
' ' to their : ability to inhibit ligand binding to the VLA-4 
receptor; or to design new compounds . The compounds being 
evaluated are referred to herein as "experimental compounds" . 

15 More specifically, those skilled in the art will find that the 
claimed 'models can be used in conjunction with a computational 
computer program, such as , for example, Catalyst™ , to search 
: through chemi c a 1 databases for chemical substructures of 
" expe r imen t a 1 compounds" that might fit all . or part of the 

20 model, and use the information so gathered to determine, whether 
the experimental compound is likely to have VLA-4 inhibitory 
activity . Additionally, the claimed invention can .provide the 
artisan with a tool to compare various experimental compounds 
not only with the claimed model, but with other experimental 

25 compounds. In other embodiments, those skilled in the art may 
use the claimed invention in combination with other software 
. programs, such as/ for example Denovo design software programs 
(e.g. Leapfrog "Ligand-Based Design Manual", Tripos Inc., 1699 
S. Hanley Road, St.. Louis, Missouri 63144-2913 ) to identify 
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templates or chemical siibstructures* which- fit 1 all or part, of 
the model , . and . thereby determine the* quality of the '"'fit" . 
"Fit" is used .herein .to denote .the ^correspondence 1 " between some 
or all ..of ...the. features of - an experimental compouhd' t a 
5 reference .model.. ; jtn : yet; other embod:im'eTits , tM 'claimed 

invention can be used by ; .the" artisan as n a Basis for'' intuitively 
designing;, .novel. VIA- 4 inhibitors . \* A ' :: "\" 

The claimed invention relates to a feature based three 
dimensional VILA -4 model which can be used to identify novel 

10 VLlA-4 inhibitors. Figure 2 shows the claimed VIA- 4 model 1 . As 
depicted, the model 1 consists of a set of features, arranged in 
three dimensional space. Each feature is a def inition^of a 
chemical property of functional groups on molecules. • Thus, as 
illustrated in Figure 2, the relationship of chemical- , 

15 structures and features is given, 

20 ■ WS0^$9S^^ 

■ : '9%am$B^ The Cartesian 

coordinates of the claimed models can be defined mathematically 
by the x, y and z axes , and associated tolerance values , Unless 
: : otherwise stated, all Qa^l^s^n^ coordinates given herein are 
25 measured in angstroms . 

A . PHARMACOPHORE MODELS 
i) Model 1 

The claimed model 1 comprises features defined by the 
following tolerance and three dimensional coordinates x, y and 
30 z\ Specifically, Model 1 comprises NEG f M N" ) as defined below 
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-Feature J 


x (A) 


y (A) 


z : (A) 


tolerance 
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-S.S64. 


1 : ,564 . • :: r , , 
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i: 7G2' ! 
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''and at least three features selected from.. the group -consisting 





Feature' 




v . f A v. ' 


: -7 •' 7 Ay 


' brilp'Tsnrp 

; ; (A) 


1 


HBA-1 


-1. 27 6 ' 


-1 .259 


-1.47 


1.702 - 


HBA-2 


-2 . 323; 


1.539 : 


,-1-35 r , > 


1.. 70.2 


2 : . ... 


HBD-1 - 


6 ; . 6-93- • 


•Ct. ;; 988- •* J - : 


- 0 . 16 8 ; " ; . : 


"i\ 702 


HBD-2 


7.217 


0 . 93 9 


2.630 


2.302 


3 ' 


HYD2 


2.777 


. -1.061 


-i. isai - J 


1. 702 


4 . . . 


. HYD3 ' 


. -3 .803 • 


-4 .061 


0.270 ' 


1 .702 


5 ' ■ ■ 


HYD4 


9.377 


2.219 


1 . 050 


1.7 02 


6 


HYD5 
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HYD6- 
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The claimed model , in certain broad embodiments comprises 
the feature referred to as "Neg" , i.e. a negative ionizable 
feature, and, in different embodiments, from three to seven of 
the seven features described above. It should be noted that, 
as used herein, the hydrogen - bond acceptor feature, HBA, 
Feature # 1, although encompassing both HBA-1 and HBA-2., is 
considered a single feature. Similarly, the HBD or hydrogen- 
bond donor feature, Feature # 2, is discussed as a single 
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: — ' »f ea.Gu.re- -hereir,-, al tnt>ugh It " encc^p^sses 'bo^'h HR D . "]" -:"and " ife D - 2 . 
' '" Hyd " as used herein refers to the Hydrophobic features: 

' . . COOrdi nateS ° f Model LBd.the other... Models;, ol^imed 

| ' herein defin * tne' relative relationship between ?he jf eatjures . 
Fi^rt herroor e ; the ' coordl^^^ 

coordinate system use'd, >nd those skilled in the art' will 
... reC ° gr - ize th5t ' ;i } thou ? h . F 0 t?tipn translation- of- these 
■; coordinates may change the specific: value of the : C oord inltes , 
. they will in f actj " define - the claimed Models. The claimed 
10 . Modelf: are intended to encompass any model, after optimal 
superimposition of the models, comprising the identified-: 
; , features and having 

j ^^^^^^W^^^--^^lGre preferably, the claimed micfel ' 
encompasses any model comprising the identified features and 

; 15 , having 3 root raea:i s ? uare of equivalent features of less than 

: about .2^S^, : and most, preferably, less than about . I 

V . The VLA-4 model can be Used r.o= evaluate the- ability jbf a . 

L ; - COTnp ° U - nd T -° ™ hi '^ the binding of VLA-4 to its .receptor . j The 

, .impound evaluated for inhibitory activity, the "experimental " 
j 20 compound" can be a novel structure designed using the claimed 

mQdn1 ' ° r ' alternatively can be a structure known in the Irt . 
; Uslng Che claimed ™°del and methods,, and the teachings herein, 

those skilled in the art can predict that an experimental : 

compound which ''fits" or "maps" to the model will have '.VLA-4 . 
25 . inhibitory activity . 

In practice, the claimed model can be used in a variety of 
ways.. For example,, the claimed model can be used according to 
the claimed methods to identify novel VLA-4 inhibitors. First, 
one identifies an experimental compound to be evaluated for • 
VLA-4 activity. -IUhLvh^^ . 
chem-cal.. database, o.r,,,b.y, modifying. existany, compound. 
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Those skilled in the art routinely- 'Utilize; Gdmp\Hfe^ : "dat:ybases 
for searching / ; ^4^'2^ 

QQfflBOffi^v - r.. v-w J " > ^ - • ? ~ AJV - 

5 After, ident j.fying ; an experimental compound' to" fc>e ' 

evaluated ,.f.or VLA-4-. . inhibi t ory . act i vi t y the three ' dimdhsional 
structure of. the .experimental compound: is determined . ' : One can 
use computer programs such as for example, Catalyst™ 
software, however, one is not limited to this software. By way 

10 of example, the compound is drawn using the drawing tools in 

Catalyst™ and 3 -dimensional ..conformations can. then be generated 
using, for example, the Best conformer generation process with 
energy set to 10 Kcal/molss and . the .maximum numb.er of 
conformations generated being set to 25 0 . The model is then 

15 fit to the experimental compound using tools which can compare 
the two structures/ such as, for example , Compare within -the 
ViewHypo thesis workbench. 

The "fit" can be calculated automatically, for;: example, by 
determining if the compound can map to the chemical features in 

20 the model; This is dependent on whether the compound has the 
necessary or desired functional groups, and. also. whether they 
can adopt the necessary three dimensional arrangement to fit 
the model . The program can automatically report which; 
features in the model are mapped by a compound. A- "fit"; as 

25 used herein means that the experimental compound must, include 
the negative ionizable feature , and at least three-others of 
the 7 features in the model are mapped.. 

If the experimental compound fits or maps the model , then 
one can experimentally determine whether that compound has the 

30 desired VLlA-4 inhibitory activity by performing a direct 
binding assay (DBA) . Those skilled in the art routinely 
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. l P^P™ :: .such : assays ,; .and can- Readily ^d^termihe^ the r act i vi ty of 
. . the .experimental compound . .r. .. ; 3 :?-^mhT 

, , ^rPreferredt^mbodiments, the claimed invent idn 1 ° 1 
encompasses 0-4 inhibitors having, a cotnmerciaHf ^riil 
5 selectivity, and specificity, These; values may 5 Vary widely, 
. , . however, are easi ly determined^ by those skilled in the' art 
■ ? based upon the desired application of the inhibitor. in 

general, the inhibitors of the invention have an Tc sc value o£ 
. .. less than about 100 ^im in a VLA-4 direct ' binding assay . More 
10 ^eferabiy char, value is less than about 50 am, more preferably 
,v less than about l^m, In yet more preferred embodiment, the 
VLA-4 inhibitors • have" an ic so of l ess than about 500 nM/'less 
than about 100 nM, and most preferably, ' less than abbut " 5 0 nM. 
■ Applicants chimed methods and compounds enable those skilled 
15 ;, , in the art to predict and obtain VTA-4 Inhibitors which have 
. more: desirable • activities than those •available 'in the art. 

Applicants generated the claimed VLA-4 model as follows. 
A training set consisting of s ^^^^^^ mms ' ( Figures 3p , 
q, .r and s respectively) was selected as representative of the 
'20 ;• different tamilies of active, known, VLA-4 inhibitors. The 
. - training set was converted to mult icon former models with' 

Catalyst™ 3.1 (Catalyst Tutorial Manual, MSI l nc ., 16 New . 
England 'Executive Park, Burlington, MA 01803) using the Best 
conformed generation process with energy set to 10 Kcal/molss 
25- and a maximum confs set to 250. these were used as input to " 
the model generation program HIPHOP™ (HIPHOP Manual,- MSl' inc., 
New England Executive Park, Burlington, MA 01803) as 
implemented in Catalyst™. 

Applicants set the common features mode using the 
30 default arguments for : all parameters except the following. ■ All 
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...compounds- .wer.e.ci-ted: a ; s - principal by - settTmf the 1 principal 
co ^H.W. to,. .2 -for -each.: The" MaxOmit'^eatufe^was-se't-' to ; o ; ; f The 
. ., spaci ? g :: parameter wasr to: 2 SO ;picoth-ef.ers ^T/he ma^ahbf nin 
; v;: parame.t^: W ere-3 fi fc^o:,.3 r ah*- the-^ntoer" df- returned ISde is was 
5 set to 10. Applicant £ determined' that ' Model ' : i wis 5 £ . 
representative of a VLA-4 inhibitor. - £ '•>''"• no < -rqi-^sd . 

j. model , ■ applicants fdete;rTO f it 

10r- -an^ cbtnmonlY^ 

insight' into ; the biological conformation of^acromole'cuiejs , was 
. j- used to determine the r.crys'tallographic structure of ; -vLcuLr 
Jr. I cell adhesion molecule ; ; 1 ' CVCAM' ; .ftrookhaven * Code ' Iv^a) . ■ This . 
j ia a known Paralogical iigand of the- VLA-4 receptor; which 

contains the iseguence Ile-Asp-Ser, ' The . Ile-Asp- Ser, sequeLe is 
: ; homologous; to! the Leu -Asp - Va i .sequence; from : CSl upori; which the 
J peptidomimetics used in the claimed moqcl were based, ' Peptides 
• based upon Leu . Asp- Val- . region ■ have been shown to inhibits ihe 

I ..... ; 1 ''„"'■' " " ' ' ' ' *' ft 

: VLA-4.VCAM interaction, ; (Wang .et al.,.1995) . Thus , '.appliiants 

I hypothesized .that VLA-4. antagonists, when- they bind .to Vli-4, 

. m ay ?in:4.9....^e- structure, .of the.. lie -A,sp..Se-r. -region of thevCAM 
structure . 

The overlay between the model and lie- Asp, Ser portion of 
VCAM is shown in Figure .2 . ' As can be seen in Figure 2 , : ,che 
lie "maps" the hydrophobic feature HYDJ and the carbcxyl group ■ 
of the Asp "maps" the negative ionizable feature NEC. 
Additionally, the carbonyl of the lie residue, maps to the", 
hydrogen-bond acceptor feature. Thus applicants were/able to 
confirm their claimed model by the mapping of the binding 
epitope of a known ligand of VLA-4 to the model, 
ii) Model 2 
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The .claimed .Model 2::,. , depicted, in = Figrurfe" 4 / r ' r G6mprises 
... features, defined, :by. : the: following' tolerances and three 

dimensional coordinat es : .• • Speci f .i.ealiy , ModeSt? c1ote¥a5Sfes the 
. f eat ( u.r.e NEG. ( *N" ) and .< a t 1 east four:; others f^t^e^s-^Wel^&ted 
5 from the..,, remaining • group. : of ;: . eight features^ - . " ■ ' 

' Description of Model 2 , : - ;: , - : ' I . '\-r- ' \ : r . "■■ - -r v \ 
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Model 2 was generated as follows. A training set consisting of 
•j^f ]^ ^ anc j use d to build 

10 Model 2 . 

The training set was converted to multiconf ormer models 
with Catalyst 1 ^ . 3 .1 (Catalyst Tutorial Manual , Release 2.3, MSI 
Inc., 16 New England Executive park, Burlington, MA 01803). 
using, the Best conf ormer generation process with energy set to 
15 15 Kcal/molss and a maximum confs set to 255 . These were used 
as input to the hypothesis generation program HIPHOP' w (Catalyst 
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./rutpriai. Manual /:; :vRelease ; ..2;*3 Mai Inc.- r V T6 : New Eiiglahd' 
: Executive Papk ,. Burlington,. ;MA 018 03. V -as-- Implemented L xS' r 
Catalyst™ 2.3.1. ■ " vs:;.:. aTe.au :/ 

.H^ot:riesis L - gen^ra-ta^nl was: carried- out v/i€-K }r the common 
features mode set to using the default arguments for all 
paTaWetefs 'except the following . All compounds were: ;cit|d as 

principal by setting the principal ^ column to 2 for each.i M21 

was not permitted to miss any features , M2 0 was allowed tfo miss 
up to two features , and all other compounds were ^rmitted to 
miss up to one feature of any" generated hypothesis, by setiting 

the MaxOmit Features columns to .0 , 2 and 1 respectively. The 

spacing parameter was to 250 picometers, the max and min 1 

parameters were., set to 9, and - .the number • of re bu r he d • hypot he s is 

■ . • i 

was set to 2 0 ... App 1 icant s , thus- created 12 • nine - f eatured' ' models 

of which the fourth highest ranking was ^determined to best 

correlate the observed structuxe-activity ^ata : , ■ •• .= . ■•. -;h 

iii) Model 3 • 
/ Applicants claimed Model 3 is based upon the discovery 
that certain VLA-4 inhibitors may be involved in ^coordinating 
to a metal in the VLA-4 ligands. Thus, applicants hypothesized 
that scaffolds which can coordinate to the metal may be. useful 
to replace the scaffold of known VLA-4 inhibitors . The term 
"scaffold" is used herein to describe a portion of , the 
chemical structure of VLA-4 inhibitors relating to the Leu -Asp - 
Val portion of known VLA-4 inhibitors . Applicants have ; 
discovered that the scaffold on known inhibitors can be 
replaced with new or different chemical substructures , thereby ■ 
creating novel VLA-4 inhibitors. 

Applicants based the claimed Model 3 upon VCAM, a known 
VLA-4 ligand, which was used to search for scaffolds which can 



i WfJ 98/04913 



' ' ' PCT/tiS97/13008 



; .~ - 24 - 

coordinate., to metals,. The' eleinervfe •ofi-'ModeV-'l;' defined" below, 
correspond tq-specific atom 'types ; • whereas ^dehTi and' 2 refer 
to chemical features. \ J: jav; ;;:;;) 

Model. 3- comprises- the-' fDl lowing- five features: 
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; ■.•=•■■■. Applicants generated Model 3 by first defining key 
moieties of V<2AM, a known ligand/ which interact with 

metals. The backbone carbonyl group of residue Gln3 8 and the 
carboxyl group, of Asp40 were identified. Applicants extracted 
' 'the three-dimensional coordinates of ' the atoms'' included in the 
two moieties from the ' VCAM structure (Brookhaven Code 1VCA) , ' 
and the then translated the ' two moieties into a searchable 
model using the Catalyst program. . 
B. METHODS USING CLAiMED MODELS ' 

The model, of the 'invention provides those skilled ip the 
art with- a tool for discovering novel VLA-4 inhibitors , "and 
thus, can be used to evaluate' Compounds'" prior, to synthesis as 
to their ability to inhibit ligand binding to the VLA-4 
receptor, or to design new compounds . The compounds being 
evaluated for VLA-4 inhibitory activity are referred to herein 
as "experimental compounds". 
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, .... The ;VItA7 % 4. models; .can> fee ,ifsed ; : tW^^aBja ; te" t ! h^ 'afiil'i ty of a 
compound to inhibit V^k4X^tO^ 
. _ v i^ be a novel 

.structure. -.design the ^clalm'ed mbcielv drV^^t^rhar-ively , 

5- . ...can. ; be, a, : -s tjrac tu^e; : known:; inrthe^art . : ~ r Using thV^claimeci' model s 
, , ..andc. methods-, rand the^ teachl^ art" 
can predict that. an • exp e r i menta 1 compound' which '"'fits" or 
"maps." to ;; the models - will have -VIiA-4 inhibitory' activity. 

In practice, the claimed models can be used in a"variety 
10 of ways.. For. example, the claimed 'mddels ' ban be used according 
to the claimed- methods to identify r novel ; vLA-i'' inhibitors. 
First , one identifies: an experimental bompburid to'' Be "evaluated 
for VLA.-4 activity ...f. This can be 'done 7 f dr 'example ^ ^'b^ 
a chemical database, or by modifying an existing compound . 
15 Alternatively, one: can create' a novel experimental compound. 
Those.,, skilled in, the art .routinely utilize' computer databases 
for .searching, and computationally creating and /or' modifying 
compounds and building. compounds deNovo (e . g . LeapFrbg ' "Ligand - 
. Based Design; Manual - ■, Tripos Inc . ;.' 1699 S : ' Hanley Road, St . 
•20 Louis , Missouri ; 63144-2313 ) . ' ' ' ' ' 

. Af ter identifying an : experimental cbmpourid' to' be 
evaluated for..- VIA- 4- { inhibitory activity, • t h& ■ t hr e ie' 1 dimehs i ona 1 
structure of the experimental compound is det error n<ed^ One can 
use computer programs such as, for example , • Catalyst™ 
25 software, however, one is not limited to this software. By way 
•of example , the compound can be drawn using the drawing tools 
in Catalyst™ and three - dimensional conformations can then be 
generated using, for example , . the Best eonformer generation 
process with energy set to 10 kcal/mols and the maximum number 
30 of conformations . generated being set to 25.0 . The experimental 
compound is then fit to the models using tools which can 
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compare the .two ..^t^ctures., ..such as.,, .for examples-Compare 
within ..the VieyHypcthesis.. workbench. . . o ; ;..:r;o ::rn;o- 
vr h •: : . . The " fit :" . can be, calculated automatically, f or example , by 
lev r determdning if. the, compound can map. to the chemical features 
5 ; . (; the ; models,. This is .dependent on -whether 'the cbmpound ; has'' the 
necessary, or qesireg. functional groups, and also whether they 
can adopt .. the .necessary thr.ee dimensional arrangement to lit 
the model. The program canV automatically report which .' 
features in the models are mapped by a compound. <" 

If the experimental . compound fits- or maps any c f the 
models, then one can. experimentally determine whether that 
, . COtnpovnd has the. desired VLA-4 inhibitory 'activity by 1 r 
> .Performing. a direct binding assay (DBA) . i Those skilled in the 

- art routinely perform, such assays , and can readily determine 
15 the . activity of. the experimental compound . : ' ' ■ ' ' ; 

. . ; . In. preferred embodiments, the claimed invention : 

. encompasses methods of identifying VLA-4 inhibitors having a 
, ; commercially useful selectivity and potency." These values may 
vary widely, however,, are easily; determined' by those skilled in 
20 the art based upon the desired application of the -inhibitor . 
In general, the inhibitors . of • the invention have an IC h0 value 
T Qf less than, about 100 in a VTiA-4 DBA. More preferably the 
. ■ ..claimed methods can be used to identify " compounds having an 

IC S0 that , value is less than about S0>n, more pref erably less 
25 than about \ m , In yet more preferred embodiments, the VLA-4 
inhibitors have an IC 50 of less than about 500 nM, 'less than 
about .1.00 nM, and most preferably, less than about SO nM. 
Applicants' claimed methods and compounds enable those skilled 
in the art to predict and obtain VLA-4 inhibitors which "'have' - 
30 , more desirable activities than those available in the art. . 
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- -A r method- fortune iHsGoverv of^Pi^^ 
in > our VLA4 ; - ; - ; Inhifr i tors ■ > i;r,J: ' ; ^ : • ^ : " : 1 ^ : ^ 7 J ■ 

. A . s g 3T:i e s of VIA- 4- inhi&ikoprsj cpr-e^io.u?sl^ irrespsjrtS^f-Ojg _ e ^ 

USSN . p 8/3 76 ,. 372 , ..c.omp.rise: r a diphen^l,u-:re:a ^Vcapljtf' • and'^a" \ : 
5 "scaffold" as . discussed, •above-.-- :The, ''cap" is -us'ed MelreiW ' to 

describe a, part . of the chemical structure of; VLA-4 'inhibitors - 
generally, the cap on known inhibitors,, can .<be replaced -with new 
or different . chemical substructures , , and thereby create' novel 
VLA-4 inhibitors. The term cap is used herein, to' describe 
10 replacements of the N- terminal, cap, i.e.,-. 2'- 

tolylureidqphenyl acetyl (Ml . ; Figure 3a) ;/ , with other" chemical 
structures. . . ... :■ : • : . : ■ • cuiwo >;.:■■ , - . ■■; 

Applicants have, invented methods of -identifying mime tics 
of the diphenylure.a cap of known VLA-4 inhibitors; : which can 
15 be used to identify-, novel . VLA-4. inhibitors . .. The :claimed 

methods provide those skilled in the art with an . effective and 
valuable tool . to identify alternate,; cap ...structures ; ive^ other 
than diphenyl analogs of diphenylurea .a^nd hence can be useful 
for the identification ..of novel inhibitors : . .. : 

2.0 The cat Shape program ( Catalyst 3 . 1 Installation Guide's and 

Release Notes,,. San Diego, Molecular Simulations- Inc. / 1936) is 
able to compare the shapes and volumes, of compounds to each 
other . Applicants using the claimed methods, utilized this 
program to identify compounds . that are similar to diphenylurea , 
25 (i.e. the "cap" on certain known VLA-4 inhibitors).,. and- which 
are suitable for combinatorial chemistry . 

The X-ray crystal structure of diphenylurea (Code name 
D PURE A) was extracted from the Cambridge Crystallographic 
Database (October 1991 release; Cambridge Crystallographic Data 
30 Center, 12 Union Road, Cambridge CB21EZ, U.K.) . There are other 
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diphenylurea ■■cp^t^ii^ -structures 
(Figure 6) in the database (Code : gJESXE-v.&^ 
GIMR.OJ10, GIMRUP10, GIMSAW10 , SALT OW, SILTUC01 ) . After 
.,; converting the ^format- 6f- : the file f rotri v Cambridge" Database 
5 formats (to MDLi :S'D ■£ b^at- s f kSfiP I^f^mSfci'fdn '■ Systems ) "14 60^ ' 
, . ' Catalina street, ; Sari 'Lea:ntir dv "^&94 :: 5 ^fy : ''the^flPuk£X " it '' then used 
,. , as • input- .to the program ■ 'eat5hap%- This' cdmpduiid is useci to 

search, f or;, compounds of Si f mi : la r r ve s'tiapfei3 -and 'Volumes ' (Figure 7 ) 
. in a database.' of molecules (e .gi'v' Available Chemical Directory 
10 ; MDL -Information Systems 14 GOO- Cat alinaf /Stfeetl San Leandro, 
CA 94577) ." These chemical databases are converted' into' Catalyst 
databases by reading them into Catalyst' l. T arid' HuTIdiKg' 
conformational models for each compound using 'the •" Fa s t ' 
. cpnf ormer generation process with ' energy set ' "to IB 1 kcal/mols , 
15 the-:* maximum! number ^of -^Iretri^s set to ~ : ' rb'tr ''aitfd''^t i He"' maximum" number 
of -conformations set 'to- : 2 5 0 . The 'catShape method involves 
•..calculating the size of the three ''principal orthogonal axis of 
. each molecule in the database; together with the volume of the 
. compound , and comparing 1 each'' of these to that of the 

2 0 diphenylurea . The-^ parame't e r s are set to' the default ' settings as 

described on. ipage' 'RN-IO. of the Catalyst 3 ; 1 Installation Guide 
aiad Release- f Notes (Molecular Simulations Inc ,' 1996, 9685 
-•: Scran ton. Roady San Diego) We used the default tolerances of 
_. 20% ' to. the principal axe'S ; "during the search procedure . 
25 Thus, in certain embodiments the claimed invention 

encompasses methods fd'r identifying mime tics" of diphenylurea, 
specifically, methods of identifying nbn- related mimetics . The 
methods of the invention thus encompass methods of identify 
VIA -4 inhibitors having as a substructure a diphenylurea 

3 0 mimetic . 
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As discussed above, the.' methods of: ! t'he : "inverition involve 
as a f ir.s.t step, the selection^, of : an .experimental- compound to be 
evaluated f or VT^A- 4. inhibitory / activity^ and" deterWiinih 
whet^r^^i^^ chema£al l: : 
5 substructure of . similar ; shape and, volume : to'-' as 
defined in, the art , (i .e i: ,by catShapei . or other programs ) / In 
certain, embodiments , the method involves- instead ' a ; ' v ' ; ' : • 
determination of whether .a three dimensional substructure of 
said experimental compound maps the-.. -features 2> 3, 5 and 6 in 

10 the VLA-4 Model 1 . A three, dimensional structure of • 'the entire 
experimental compound, ; is then obtained, either experimentally, 
or computat ionally , which is then mapped to the' -VliA- : 4 Mode 1 - 1 
Neg and feature 1 . If the experimental compound has a 
substructure which contains an atom within about 0 .;5 to about 

15 3A, more preferably about 1 to about 2 A, and most preferably, 
about 2 A of any of features' 2, 3, 5 or -6 , then the 
experimental compound is predicted to have VLA-4 inhibitory 
activity. The experimental compounds containing the urea 
mimetics (Figure 8) can then" be tested using a DBA , as 

2 0 discussed above. . / . ■ ' 

'■' Using the claimed three dimensional models those skilled 

in the art can identify both novel chemical entities which fit 
the model ' and have VLA-4 inhibitory activity, as well as 
identify known compounds having the desired activity which were 
25 not previously known to be VLA-4 inhibitors. The following 

examples' further illustrate ' various embodiments of . the claimed 
invention, .and ' further enable those skilled in the art to 
practice the invention. .. 

c. No ve l VL A-4 Tnhibit.or^ 
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..... ( 1} , . Inhibi tors which map; to 'Model 1 ' • : - : " 
, The. claimed, invention-- in certain : broad embodiments 
encompasses -novel compounds which : have VLA-4 inhiB'i'tdry 
activity, •-. T-he : claimed': compounds^ fit the ' clWitned' models , have 
surpris.ing.ly, good: inhibitory activity and thus can be "used, for 
example ,. in ; pharmaceutical preparations for treatment 'of 
diseases and conditions involving the VLA-4 pathway . 

Using the pharmacophore models arid methods described in 
the foregoing sections , the applicants have discovered novel 
VLA4 inhibitors which fit the 'models. 

For example , preferred embodiments' eric 
; inhibitory compounds represented by GB-1: 




GB-1 



15 A is selected from the group consisting of alkyl; 

aliphatic acyl optionally substituted with N-alkyl- or N- 
arylamido; aroyl ; heterocycloyl ; alkyl- or arylsulf onyl ; 
aralkylcarbonyl optionally substituted with aryl; , : 
heterocycloalkylcarbonyl ; alkoxycarbonyl ; aralkyloxycarbonyl ; 

20 cycloalkylcarbonyl optionally fused with. aryl ; 

heterocycloalkoxycarbonyl ; alky laminocarbony 1 ; ary lamino 
carbonyl and aralkylaminocarbonyl optionally substituted with 
bis (alkylsulf onyl ) amino , alkoxycarbony lamino or alkenyl ; 
alkylsulf onyl ; aralkylsulf onyl ; arylsulf onyl ; 

25 cycloalkylsulf onyl optionally fused with aryl; 
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% . . _ , h e t e r o cy c 1 yl soil- f onyl . ; * . net erbcyclyl a I'kyi s\j 1 f bny 1" ; ' 

_ , ar^lto^c^b^ cy^^b^i^yiBxycart^ 
. ; , J^et$ra : cyc^ or 
: ^di -^J^lamdnQ-ea^bpiayl , optionally ~ sub s t' : i r t fet e d' ; ' w^th ' aryl'; 1 ' 
5 ^(al^ t)r : ' cii L "• a; - d ' •' f " ' ' • 

aralkyl^mi-.nocarbonyl-; m©n€>- ^ d>3^^ 
. ' (aryl.). .(< alkyl) aminocarbonyl ;' ^rilono- 'or di-" : K 
, cycloalkylaminocarb.onyl; hefe'erocyclylamiriocariDdnyl ; 
heterocyclylaikylaminoGarbonyi; ' . - j 

10 (alkyl) (heterocyclyl )aminocarbonyl ; 1 ' 

(alkyl.) . (heterpcyclylalkyl ) aminocarbonyl ; ^ ;: "' " 

( aralky 1 ) (heterocyclyl ) aminocarbonyl ; : : ' ' 

( ax-alky 1 ) ( he t erocyclylalkyl ) ami ho c arbbny 1 ; alkehbyl" bptibnally 
substituted- with. aryl; a 1 k eny 1 s u 1 £ o ny 1 optionally substituted 

15 with aryl ; . alkynoyl optionally ■ substi'tuted ; with 'aryl'; /' ' '" 
alkynylsul f onyl optionally substituted with ; aryl ; 
cyclpalkenylcarbonyl ; /cycloalkenyl sulf onyl; cybloalkylalkanoyl ; 
cycloalkyl alkyl sulf onyl ; arylaroyl , biarylsulf Onyl ; ' ' 
alkoxysulf onyl ; aralkbxysulf onyl ; alkylaminosulf onyl ; 

20 aryloxysulf onyl ;• arylaminosulf onyl ; N-arylurea- substituted 

alkanoyl ; N- ary lurea - subs t i tUted*' a Iky 1 sul f onyl ; cycloalkenyl - 
substituted, carbonyl; cycloalkenyl -substituted sulf onyl ; . 
alkenoxycarbonyl opt ionally substituted with . aryl ; 
alkenpxysulf onyl optionally substituted with aryl ; 

25 a ikynoxy carbonyl optionally substituted with aryl ; 

alkynoxysulf onyl optionally substituted with aryl; alkenyl- or 
alkynyl- aminocarbonyl optionally substituted with aryl; 
alkenyl- or alkynyl -aminosulf onyl optionally substituted with 
aryl; acylamino- substituted alkanoyl; acylamino- subst ituted 

30 alkylsulf onyl ; aminocarbonyl-substituted alkanoyl; carbamoyl- 
substituted alkanoyl; carbamoyl -substituted alkylsulf onyl ; 
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hecerccycl^alkanoyl,, heterpcy^aa m inos U ifbriylr ^ckxb^yal kyl . 
; ^ bS f it: ^ d ^^PyA; -rbp^ikyl.substituterf^ 

oxocarbocyclyl.fus^ arpyl ; ■ PXocarbocyPlyl-- fused arylsui fonyl ; ' 
■ ^terpcyclylalkanoyl,., . N? >N^alkyi , . arylftyaraVihoarbor^yl ; 
aryioxy-substicuteg alkanoyl, and heter^yclylalkyls^if ^kyi / 
alkenyi ; alkynyl ,. cycloalkyl , aryl -fused cycloalkyl, < ' ; ' 
cycloalkenyl, aryL, aryl-substifuted alkyl- • ( "a^a hkyi )• ;• aryJ . 
3ubstituted. alkenyi. or alkynyl cycloalkyl ^subst ittitfed^ alkyl , 
cycloalkenyl -substituted cycloalkyl, biaryl , alkoxy, a!;kenbxy, 
aikynoxy, aryl-substitut.ed alkoxy ("aralkoxy") ,~ aryl- ~ ] . ; ' 
substituted alkenoxy. pr aikynoxy, alikylamino/ a'lkenyramino or 
alkynylamino, aryl -substituted alkyl amino, aryl-subWituted 
: alkenylarnino or aikyny lamino:, aryloxy, aryi-amxr.o, N-alkylurea- ■ 
substituted alkyl, N -arylurea-substituted alkyl,- 
aikyicarbonylaTnino-substituted. alkyl, arninocarbonyl .subsr i tut.ed 
alkyl, h e terocyciyi,.heter 0 cyelyl. substituted aikyl< 
heterocyclyl-substituted amino, carboxyalkyl substituted 
aralkyl , oxocarbocyclyl- fused aryl and ' heterocyclyl alkyl • 

n=l-4 ; . _ ' 

When R 3 is H, n=2-4; or when n=l, only R 3 or R s j s , H; 
R 1 and R 4 are independently selected from the group consisting 
of K, alkyl, aryl, aralkyl, alkyl optionally substituted with ' 
cycloalkyl , cycloalkenyl , heterocycle , : alkenyi , alkynyl /■ 
alkoxy! , hydroxyl, halogen, aralkoxy, thioalkoxy, earboxy, 
alkoxycarbonyi, carboxamide., amine, alkyisuif one , and ' ■ 
alkylsulf oxide ; 

R 2 is selected from the group consisting of H, alkyl , alkyl 
optionally substituted with amine., cycloalkyl , alkylsulf one , 
and alkylsulf oxide; 
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R 3 is selected from the group consisting of 'H, alkyl, and alkyl 
optionally substituted with aralkoxy , hydroxy; 
X is selected from the group, /Consisting pf -CH 2 ^ S, 0 / « ;NR 4 , 
NCOR 7 , and NS0 2 R 7 ; ' 
5 m is 3 or 4 ; 
. p is 3 or 4; 

q and r are independently 1 or 2; 

R 1 and R 2 may be taken together to 'form - (CRVjp-, or - 

(CRVlgXlCRV),-; ^ 
, , / 10 R 3 and R 4 "may be taken together to form -( CR^ 2 ) ra - or - 

(CRV) (CRV) r - ; , f , 

R 3 and -R S may be taken together to form - ( CR X R 2 ) m - ; 
R 5 is' j selected from the group consisting of H, hydroxy, 
alkyl , NH 2 , NHS0 2 R 7 , ' NHCOR 7 , and NHC0 2 R 7 ; 

15 R 7 is selected from the group consisting of alkyl; aryl ; 
, • : ara.lkyl ; and alkyl 1 optionally substituted with cycloaikyl, 

cycioalkenyl , heterocycle , alkenyl, . alicynyl , alkoxyl , hydroxyl , 
halogen-, aralkoxy, thib^lkoxy , car boxy , alkoxycarbonyl , ' and 
M\ carboxamide ; 1 "'- • ■ ' 

2 0 .More preferred compounds are compounds M101-M112 / Mil 6 , M117 , 
> M124 , M125, M127-M129,/ M139, MT40, MT41-M1S0 in Figure- 15 . 

In other embodiments , preferred compounds are represented 
' 'by GB-2 : . . • • - 
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GB-2 . , : : . , A 

A is the same as defined in GB-1; , r , 

Q is -CH 2 - , -CH=CH-, or -CH 2 CH 2 -; . ... , ... : . . 

Z is selected from the group consisting ..of : -CHR 4 -. , .-CO 1 -, O,. S , 

-SO- , -S6 2 -, NR 4 , NCOR 7 , NS0 2 R 7 , -NC0 2 R 7 - , and -C0NR 7 - ; . 

R 4 is selected from the group consisting of H, alky!., aryl , 

aralkyl; alkyl optionally substituted with cycloalkyl, ■ ., 

cycloalkenyl , heterocycle , alkenyl , alkynyl , . alkqxyl ,, hydroxy! , 

halogen, aralkoxy, thioalkoxy, carboxy, alkoxycarbonyl , 

carboxaniide , amine , alkylsulf one , or alkylsul f oxide; V 

R s is selected from the group consisting ,of H, .hydroxy , : alkyl , 

NH 2 , NHS0 2 R 7 , and NHCOR 7 ; ; . , . , > . ... . ^ . ; 

R 7 is selected from the. group of. alkyl , ary.l ,; aralkyl ; alkyl 

optionally substituted with cycloalkyl, cycloalkenyl,/ •: :. \. 

heterocycle, alkenyl, alkynyl, alkoxyl , hydroxyl , halogen/ 

aralkoxy, thi,oalkoxy , ; carboxy, alkoxycarbonyl , or carboxamide ; 

X is selected from ; the group consisting 'of -CH 2 -, S, 0, : 'NR 4 , 

NCOR 7 , and NS0 7 R 7 ; 

n -0-5; - . - -;, . ; . ■ ^ — . ■ ■■■■ ^ :r " s " '; ' " : 

q, and r are independently selected from 1, 2, 

More preferred compounds are in Figure 15, as are the most 
preferred compounds Ml 15 , M118-M123, M126, M130-M135, in 
figure- 15 . 
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-The . novel VLA- 4- innib-it or s ; c 1 afriie d by Applicants map 
- . to : the- "Neg" feature- of Modei ; 1'-, arid from "3 - 7 of °f ea'tures 1-7. 
. ■ • ' The -compounds -of the • invent ion-' : pr e f erabiy havV an inhibitory ■ 
activity, in : . the range of - • about 100 >M l.o" about 0.5 nM, ' 
,5,. ,; preferably of: less- thati abbut 'so fim;' more preferably 'less than 
about 500 nM, and most preferably, less- than about 50 nM. 
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Preferable inhibitors map to at least 3 of Features 1-7 of 
Model 1, and have an IC S0 value of less than about 50 nM. More 
preferable inhibitors map to at. least 5 of Features 1-7 .' 

ii) Inhibitors which map to Model 2 

In other embodiments the claimed VIA- 4 inhibitors map to ' 
the "Neg" feature of Model 2, and at; least four other features 
selected from Features 1-8 of Model:?.. More .preferably, the 
inhibitors map to. at least 6 features, and most preferably, at 
-.least 7 features, in - addition to ^Neg . " 

. . / . Tn most - preferred embodiments , ; the claimed inhibitors 

which map to "Neg" and from 4 to 8 of Features 1-8 of Model 2/ 
have an IC 5Q value of .about 5 0 urn to about 0.5 nM. The" "' 
compounds of the invention preferably have an inhibitory ' 
activity in the range of about 100 jiM to about 0.5 nM, " 
preferably of less than about 50 \Lm, more preferably less than 
about 500 nM, and most preferably, less than about 50 nM. 

The most preferable inhibitors map to at least 6 of the 
Feature of Model 2, and have an IC SQ value of less than about 
50 P.M. 

iii) Inhibitors which map to Model 3: 
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; ; , - f qoA *- St °> ther embodiments;- the claimed compounds 

comprise a . scaffpid .which; map,.to Model. 3,. > Applicants have 
discovered that r compo ; unds, comprising: those .scaSfoldji have 
excellent, itihibiLory activity ranging- from ..bout 500 Urn to 
about r 0,5. .pM,, The ^omppunds ,cf . ; the, .invention preferably have an 
inhibitory activity in the range of about LOO W fo-"abbut 0.5 

■nM. preferably of less than about 50 ,1m, more preferably less 
than about 500 nM, and most preferably, less than about 50 nM . 

, Those skilled in the. art will recognise " that inhibitors of 
the invention may map to more .. than one of: the. claimed Models. 



. Example-. 1 • Fit -rrfv r^j^n m^ f n ^ ^oeH^M, %(^~ Uw jL 
Of a: known VT.A-4 Tranrtn ' ;• ::h-i 



15 



In order to further validate the claimed methods and 
model, applicants determined whether known VLA-4 inhibitors .fit 
the claimed Model 1. Protein X-ray crystallography is a 
powerful and commonly used, experimental tool to provide © 
structural, insight, into the biological conformation of 
20 macromolecules, and .was used to determine, the crystal lographic 
structure of vascular cell adhesion molecule 1 (VCAM ; ' 
Brookhaven Code Ivca) . This in a known physiological ligand of 
the VLA-4 receptor, which contains the sequence Ile-Asp-Ser v - 
The Ile-Asp-Ser sequence is homologous ,to ^the Leu-Asp-Val 
25 sequence from CS1 upon which the peptidomimetics used in " the 
claimed model were based.' Peptides based upon Leu-Asp-Val 
region; have been shown to inhibit the VLA-4 -VCAM interaction. 
Thus, applicants hypothesized that VLA-4 antagonists, when they 
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E b i xi d, t o ; ^LA - 4 ,, 3 : , n^ay jmimic the structure © ; f th^k^P&^Asp^Ser 
.. region of. the V-CAM . structure . : • ' fin : **AJ 

The overlay- between the model and Ile-Asp-Ser portion of 
•-VCAM is shown in Figure 9. As can be seen in Figure 9, the 
5q| Il^__>apj§:':. toj;;ts.e. hplfebphdbio -feafc^ 
; : group of the Asp "maps" to the negative'-'-fitti^Ble feature ' NEG . 
: ; .Adc|ition f al'ly>pi:tHe .'eSrboriyl of the " He rlsiHufe"" maps to the 

l > ■ ' . , ^ _ ; . 

jd hydrpgen.^ bond; .acceptor feature HBA" ; (N'6t e u that HBA describes 
L;; th^r;^eatur:a HBA'r 1 aM HBA-2) , ' Thus , appl i c ant s E were able to 
confirm their claimed model by ; this mappih'g of^&e binding - 
epitope ^of -a o^knownw ligand ; Qf ; ^ 
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'In orger B tp - further, validate -the claimed ^mode'l 1 r' 7 applicants 
investigate^ i, t.a ;; ab i 1 i t y t o . f i t . known -inhibitors which 

Wi^^m^mm^^^^^^^m^^^md 'Model' ^"s- ability 
to map M2 , . M3 and M2 (Figure .3, b ,., c, and d: respectively-)* * was 
; determined. : The . scaffolds, of these three^mol educes are 
strnct^rall^ qu^te d^ie^ent tt y^treach- mm&i.±o^ vthe.' claimed - - 
model 1. Thus; applicants .w ( e re. able to; conf ; irm- that- the 
claimed model 1 can, in .fact., - he ;; us t e.d to. ident if yo VliA - 4\ ' 
'■■ inhibitors ; and; to identify alternative^ chemicad r % - =. .. : 
templates (.Figure 10 i ; see method . lc. f pr ; def Mtion o£.f it) . 
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Example 3 ; RepI aceme nL of ■■- Le ur A - sp ^VaL-: po rtion co,f/ known VT>A^ 
inhibit or 3 _ w i t h^ other s caf fo ] d s /I .,,. C . , .. • ; , :: 

Applicants used the claimed models and ; , met hods. • t o , , de s i gn 
alternative scaffolds to . replace .. - LDV- portion of : known;- VLA4 
inhibitors. One such example is illustrated by . M€ f which fits 



C« IpCT IT I I 



■ . ■ . , - 38 - . ; ; . 

. models. This, novel compound: was •figtermilie'd to b be a potent 

VLA4 inhibitor in a direct - binding ' a s £aV within iq a of 800 

, ■,..- Sxanip]e 1' 1 .^P 1 ^°T or| '. of -the P*p^nyli£gsiL^d2^on' ^ f 
„., 5 , y -" 7LA - 4 Tnhi,bir,0X5, . , &e3 ,, &d , o ; . n ql ^,- : | ! " 

■sr.,. . ^? lj r^ nts h^e, used the :; clai;medT modell ^ to -Mentiky 

:nimSti ^ p£ . the Qiphenylurea portion- afo^ovrai VLA^ihhibitors . 
- ; Th | ■, c i aimed model has ; Cwo hydrophobic features (HYD2 and 
HYD5 ) , which map . to the two phenyl; groups otf>-.the < d-lpnenyliarea 
10. Based upon the claimed model it; was^knowft bhat : these 

. features and the HYD4 and HBD were arrangeci in 'a plane. ' ' . 

adopt a planar arrangement between the two phelyrfSgi (Figure 
,6) .. To further support the validity -'of 'the claimed model, data 

15 was obtained which showed that replacement df t he : 'pheiiyl with a 
,, ,npn^anar. t c^plohe3Cyl ^^^(W^V-Ff^^i'lj^YM^-^^gure 3h) 
diminishes binding (M7 IC 50 '^m; ^o^^oyTj^Sth^^o^irining 
.the importance of • planar ity, : '' bnu;i ' r "" * " Q x,!: OJ 

,, , : Additionally, applicants- have nhown r 'that, '"shorter "molecules 

20: • are weaker ^ binders . : Thus, for exatarile 3 / %enVlacetyl-Leu- Asp- 
Val-Pro' (-Figure 3i) has arr IC S0 of 2 ^, whxfe oMePUpK-Leu- Asp- 
Val- Pro (Figure 3j) ha f ; an 1C S0 of '8iiM, U contiifeng 1 that ^ the 
diphenylurea- is occupying a cavity' in wh{ch the 'length and - 
\ .. shape of the molecule lead to high af f i nit y b binding . 



25 1 Applicants searched' for "moleculAr^ 

volumes" to. the diphenylurea model (^^rf -^^^ pTOgram 
catShape (Catalyst 3.1 Installation Guides and' Release Notes, 
San Diego, Molecular Simulations Inc., 1996)." Figure s shows 
examples of search hits. 1 . : ' ; ' ' : " ri 
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i ,, ;VOt: ;,-- v;1 , Mil^-Ugure^;k).^. r id ;M12 .( Figure ; 31) were ; - s^theslzed ; the" 
■ ? diP^nylurea t was . replaced : with the substructure returnee from 
• ... . the .search . ; Mil., and M12 had-^n TC^bf ' 34- nM ' an'd f 3 8T hm"' 
) , . - n F e6 S-?^ i V ? 1 7: < «'w / Thus -,:, ^heoqlaimed invent f 6n provided 
. J; ; 4 : iternat:ive caps, - which :pre;dictK :;.pofeeHt ihhibftcrs of VlA- 4\ 

Example s- t?^ r nf Leu^ftpr-Vgl r^io-a.,^ ^flsnpim 
antagonists wit h prp iffplrin rfa^^.-m^^ P nJQjl 

The claimed, invention teaches that desirable via- 4 
inhibitors are often involved in coordinating to a metal in the 
10 VLA-4 receptor. Therefore according to the claimed Model 3, 
_ scaffolds that can coordinate to the, metal -may be' Useful- ' to 
replace the Leu-Asp-Val portion of VLA-4 antagonists .> -The 
evidence for the metal, coordination -of the VLA-4 .antagonists 
includes 'structural and biological data. 

15 L) Ail int. egr i ns requ ir / Mgj^f or ligand binding (Springer , TA, 
Nature, 3 4 6, 42 5 433) . This , ^Lpget: her with the presence of 
Asp residues in the known VLA-4. receptor binding regn ons of V 
Fibronectin (Leu-Asp-Val) and VCAMdle-Asp-Ser) , suggested that 
the ligand coordinates to a metal . ■■•>. -vr 



20 



ii).The applicants have discovered that the geometry of the 
hydrogen bond acceptor (HBA) and NEG feature in our model is 
consistent with the geometry of carboxyl groups and hydrogen - 
bond acceptors in molecules that coordinate to metals. For 
example, in Figure 12 the Mg 2+ binding site of Leucine 
25 Aminopeptidase is shown. In this site, . the carbonyl oxygen of 
residue i and the carboxyl side chain of residue i + 2 are ■ 
coordinated to the Mg 2 \ This geometry of the carbonyl and 
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c arbo^cy!-,. group very similar^ f to : the g'eometry^ of 'the carbonyl 
group of Leu . of . residue.-; i andwthe Asp'' caxboy^l 'at- i;*! 1 in M2 
(Kigur^ 3rb] ? . wj^en^f itte^DtonMoclel 1 - a&<3itibhV ; "tne : ' crystal 
structure of t ; he - jle-^spe&er Iport^ 
5 t .yiiA-4 , ..shows that -the ;g;eometi±y> ^af ■^Me vi carB6fiyI v 6x^g^S^6f the 



He at position i and the carboxyl of the Asp at i + 2 are 
. s imi iar . £ o the geometry b-f khbwn : metal' binding 'proteins (see 
Figure, 12 ) . and. al's b t o ' mbd£ 1 • 1 



Applicants searched for scaf f bids that could coordinate to 
10 r a metal:, .. using Model ' 3 . In Figure 13 they show how M13 (Figure 
: . ■ 3m) .- and.. ; M14 ( Figure 3W) f it "the' Model 3 . ■ ^ ; - ~ 

, Applicants also searched chemical databases' for other molecules 
.that fit Model 3 . Figure 14 'shows' two compounds that contain 
■ scaffolds that are commercially available and map to Model 3 . 

15 It will be apparent to those skilled in the art that 

•various modi f ioa tiohs : and variations can be made in the claimed 
; invention without' departing from the spirit or scope of the 
invention; Thus', it is intended that the present invention 
. encompass, mod i f i c at i oris and variations of the invention 
20 provided- that they come within the scope of the appended claims 
and their equivalents . 
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^ WHAT f IS ;:,CIiAI>J£D:-'IS-:,, - , ^ _ lj J $ z'i . • ' ' ' .~ : > 

1. A three dimensional pharmacophore model of a compound 
Jiaving. JJZijiy:4 i^tofei&o^ mbdei i,v cbmprises^ NEG 





. •Feature . ' 


x ; - '- " : '1a) 4 


r y" (a) 


2 (A) 


tolerance j 
(A) 


N 


NEG : 


. -8,. 564 . fi .> 


- ; l f 5 64 , ; 1 ; n 




1/7 02 ' 



5 - and at least three feature?; selected from the group consisting 

> of- V ' " ' " . . 





Feature : 




y : : (A) " 


2"'" " ; '(A) :M " 


' tolerance 


1 


■HBA-1 


-1.276 


-1.25 9 




•1 . 702 


HBA-2 


-2.3-23" 


1.539:- 


•-•1:35^ : ' " : - P 


•1 . 7:02 . 


2 


HBD-1 


6.693 


1 .988 


-0 . 168 


,1.702 


HBD-2 


7.217 


0 . 93 ; 9 . 


2:^63 0 ' ■ - ■ 


2.302 : 


3 


HYD2 


2.777 


-1. 061 


-1.1501. 


1 . 702 


4 


HYD3 


-3.603 


-4 .061 , 


. .0 . 2 .70 . 


•1 .702 


5 


HYD4 : 


9 . 377 


2 .219 


1. 050 


1.702 


6 


HTO5 


8.677 


4.439 


-1.330 


1.702 


7 


HYD6 


-9.123 


-1.501 


1 .110 


1 .702 . 



2 . The model of claim 1 wherein the model comprises at least 
five features selected from the group consisting of Feature '1, 
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Feature 2, Feature 3, Feature 4, Feature:.^ feature- Vand 
Feature 7 . 

. _ seven features selected from the group consisting feature 1 

|" Feature! 7 . I" ■■ . 5 . 

• ■ ' -.- ■ : ; ; " y j j \ 

■ -4. ;( A compound :wbicji fits -the ^-model 6f ; claim i *l ■ 

^ : ! UUC1 ^i ciaim said compound 

: ' ' dire Cit' binding assay "" ^ / : - -"-* C: " ' " ^ ' ^ ; G ' rs " '- ' 

of less than about 50 jiM. I ' ; 

■; ■ . 

_ 6. The compound of claim's wherein said compound has anj IC 50 / 
;pf less than,: about 1 jiM . ' '^^ ■ I ■ -.-fJH ! }. ■■ 

_ 7. 'The compound of claim '6 wherein said compound has an] IC 5 , 

15 of less than. about 500 nM. : r ' : ;■ . - i^'M ? 



8. The compound of claim 7 wherein said compound! ha. aJlc S0 
of less than about 100 nM. • ' IY " ? " ' : 



9 . The compound, of claim 8 wherein said compound has an IC S0 
of less than about 50 nM. '•''''! ' : s .j ■" \ 



20 10 



A compound which fits the. model of- claim 2, , Jaid - ' 
compound having an IC S0 value of less than about 10 0 ,M -In a. 

VIA- 4 direct binding assay/ 

11- The compound of claim 10 wherexn said compound has an I C 
of less than about 5 0 |iM . 
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T 12, rv ~ The ; , compound of claim • 1-1^ Wherein said'' compoiihd has an XC, 
.of less; ,than ; jabout .1 |iM- : ; - f ° a ^ ::: - :/; • • ' ' ' ■ " 



13 . J'h^ compqun^ an IC S0 

- of less than about .500 nM . , :; . v ■ >: : - &uV ton o-3 iiy-^-y i 

5 14. The compound of claim 13 wherein said - compound- has an IC S0 
of less, than about 100 nM. . . ; . ^.v.. ■ 

15 . the compound of claim 14 wherein said compound .has an IC S0 
of less than about 50 nM. , 

. 16 . A compound which fits the model of claim 3 having an 
10 IC S0 value of less than . about 10 0 jiM in a VLA- 4 direct binding 
assay. . ...... 



17. The compound of claim 16 wherein said compound has an IC 50 
. of less than about 50 jiM . ;, . , 

18. The compound of claim 17 wherein said compound has an IC 50 
15 of less than about 1 fiM . 

19. The compound of claim 18 wherein said compound has an IC So 
of less than about 500 nM. 

20. The compound of claim 19 wherein said compound has an IC 50 
. of less than about 100 nM . 

20 21. The compound of claim 20 wherein said compound has an 
IC 50 of less than about 50 nM. 
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- ;. : , s 22 ; , , ft J^M. ^ or . identifying; a- chemical compouhct having an 
IC S0 value of less than about 100 jiM 'in a' VLA-i direct binding 
assay, said method comprising the steps of : 
,,:yr aJ-sg^einp am g^irifnenSM^o^«liac!S e to be 

5 evaluated for VLA -4 activity; M " °°' :J -"'^V M^ri? /io 

b) computationally or experimentally obtaining a three 
• ■ dimensional structure of said exper itnental" eompound ; " 

O evaluating whether the three dimensional structure of 
. said. experimental compound fits the pharmacophore , model . of 

10 claim 1 ; arid ' '~ ' 

■ - d) determining whether said experimental-compound has an 

, F IC so of less than about 1.00 ^ ;in , a VLA.4, direct binding 

assay . 

23 . A compound having an IC S0 of less than about 50 uM 

15 identified by the method of claim, 22. . ...... ,., ... 

24. The compound of claim 23 wherein said compound has an IC 50 

of less than about 1 \iM . 

25. The compound of claim 24 wherein said compound has. an ic 50 
of less than about 500 nM, 

20 26. The compound of claim 25 wherein said compound has an 

IC S0 of less than about 100 nM. 

27. The compound of claim 26 wherein said compound has an 

1C S0 of less than about 50 nM. 
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2 8 . A, three dimensional pharmaGqpJi©re:: ;mode:b of - : a " compound 
having VLA-4 inhibitory activity, said model c o mp r i 'se ; s 4 NEG 
( U N" ) and at least four features selected from the group 
consisting,- of. features --1 vto : "8 \; - '• -. ^° " :; - : ' : 





Feature 


x A 


y A 


z A 


tolerance A 


N 


NEG 


.5.13 ... . 


. 2,.,4,S m 


-0 84 ' b 




1 


HBA1-1 


2 . 625 


0 . 078 


-0v45l • u 


.1,:5 . ' • ' : 




HBA1-2 


1.434 


2.84 0 


-0-448 


1.5 


2 


HBA2-1:. • 


6 . 0 3:8 : : ; • 


-1:368 :: 


-0 . 03 3 ' 


1 ; : 5' ' ' '" 




HBA2-2 


8 .314 


-2 .560 


8 3 2 ; - 


Tls r 1 " , " 


3 


HBD-1 


-6.17 


-0.82 


0. 76 7 


1.5 




•Hfi&-"2 r 


-6/6 06 V 


-3.3 


2.412' 


1.5 


4 


HYD2 


-1.126 


-0 .54 


1.532 - 


1.5 


5 


HYD3 


1.054 < 


-3,780 


-2.5.28 






HYD4 


-8 .786 


-1-3 . 


1 . 372 _ 


1 ...5. ; _ r - ;• .;• 


7 


HYD5 


-8.786 


-0.5.80 


-0 .78 8 


1.5 


8 


HYD6 


8.534, 


2... 12. , . , 


>3 .428., 


1 .'5 : : - A . • r 
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29. The model of claim 28 wherein the model comprises at 
least five features selected from the group consisting of 
Feature 1, Feature 2., Feature 3 , Feature 4:, ^Feature' 5, Feature 
6, Feature 7 and Feature 8. f • • • 

30. The model of claim 29 wherein the model comprises at least 
seven f eatures selected, from the group consisting "of Feature 1, 
Feature 2 , ' Feature 3 , Feature 4, Feature 5 ;- Feature 6 , Feature 

7 and Feature 8 . 
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31. A compound which fits . the model of claim 28 and has an 
,,rMso^^ direct "binding 

32. The compound of claim -31 wherein said : comtouha ; : his , 
5 of less than about SO^iM. 



P 3 - The compound of- claim 3 2 Wherein said \ compound 1 Us S 



bf 1 ess than -about ijiM. 
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34 • The compound of .claim 33 wherein said compound* has IC S0 
of less than about: 500 nM. . . 'I If : \7'~\~' ^~~Jf~i^ 1 

10 35. The compound of claim 34 wherein said compound- has "an IC S0 

of less than about 1.0 0 nM:. - . . . ... i 

f • . ... The compound of claim 35 wherein said.^compound -has| an " 

|C S0 of less than about 50; nM. : [ 

'■ \ . - ; _ . _ . . t _ ., ; . ' !; 

^7. ■ A compound which, fits the mo.del of claim 2 9 andjjas an 
15 TC S0 value oi 'less than" about' 100 fiM in a VLA-4 direct binding ' 

• assay ; • . • ^ ' v : '• ,; ■ :vi --" ; ' ■ ' r ' r 



3B. The compound of claim 37 therein said compound' has an IC, 

of less than about 50 fiM. ■ ■ ' • ' '• 



3 9 . The compound of claim 3 8 wherein said compound has 
, 20 of less, than about 1 jiM. 

40. -The compound of claim 39 wherein said compound has 
of less than about 500 nM. 



an IC 



so 



an IC 



so 
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41 Tr r The f ,^9^j3^^i^f^:Glaim^4o wherSih s'a i d ' " c oriipoun d has an -IC 50 
of , leS3 ; ,.thaii :; abpu^oaOQanM'O- - • ' onuoqmon ie:*nsm 

h/&^ ; • ^ii ; pain r.ffi 19 ."; 



42. The compound of,, claim 41 s ~ wherein saicj eompoted his an 



IC 50 of less than about 5 0 nM . 



43 . A compound which f its the r model y c gf • cla-imrr 3 0 rand .'has an 
IC S0 value of less than about 10 0 r fil$ in* a. r:VTiA-t;4 ; directr fei'nding 
assay. 

44. The compound of claim 43 wherein : said compound has; -an IC S0 
of less than about 50 fiM. 

45. The compound of claim 44 wherein c saidneompdund ; :has> an IC SQ 
of less than about, l|iM, 

46. The compound of claim 4?S n Wfaje:p eino^aid^ comp©undi\has -in IC S0 
of less than about 500 nM. 

47. The compound of claim 46 ^wherein. s.a.id. compound - has -an TC- SQ 
of less than about 100 nM. 

48. The compound of claim 47 wherein said compound has an 
IC S0 of . less than about 50 nM. 

49. A method for identifying a chemical compound having an 
IC 50 value of less than about 100 }iM in a VLtA-4 direct binding 
assay, said method comprising the steps of: 

a) selecting an experimental compound to be evaluated for 
VLA-4 activity; 

b) obtaining a three dimensional structure of said - 
experimental compound;. 



^ ^ . c ). evaluating whether the^ three i dimensional-- ! st of 
said experimental compound f its^fcheu niodel.^ df^ ; eiaH/nr ^8 : ^ 0 and 

d) determining whether said experimental compound has an 
< : , ; ivalue-.-of less than -about T0'O~'flMr in a VLA-4 direct binding 

5 assay. ■ ' " ' 



. ; so A Compound having : ah "It 50 of less than about 5 0 |iM 
; identif ied by. the method of claim 4 9 . 



51, The compound of claim 50 wherein said compound has an IC 50 
rv of less 1 than about 1 uM . 

10 52, The compound of claim 51 wherein said compound has an IC S0 . 
■ • of less -than : about 50 0 nM. ' : 

53. The compound of claim 52 wherein said compound has an 
: -IC S0 . of. less/^-than about -lO-O -nM': ,; ' i{ : ' ' r : ' 

54. The compound of claim 53 wherein said compound has an 
15 ; I.C S0 of . less . than about 50-' riM. : )V: ' : " \ ' 



49 - 
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having VLA- 4 inhibitory activity said model ; •eompr.ising,, 



Feature 


x (A) 


y (A) . 


2 (A) 


tolerance 


Carboxyl C 


-3.131 


-2.023 


2.824 


1.2 


Garboxyl -01 


-3 J 513 - l f 


r - 0 02 7 1 °. 1 


4.108 


0,9 


Carboxyl 02 


-1 .487 


-0. 8 95 


4 .167 


0.9 


% Car,bonyl C . 


--2 ;.241:v:^ 


29 : 73 l 0- : ' --^ 


0 . 3T5 " 1 ■ 


"0 . 9' 


Gafbbnyl 0 ; 


-3 J0'67 


3.24.1 


1,064 


0.9 ■ - 



56 . A method for identifying chemical compound (having an 
IC S0 value of less than about 100 uM in. a VIA 4 direct binding 
assay, said method comprising the steps -of.-.. , v 

a) selecting an experimental compound, structure to be ' : . 
evaluated for VIA- 4 activity; 

b) computationally or experimentally obtaining, a three 
dimensional structure of said experimental : compound-; ,. t ,% 

c) evaluating whether the three dimensional structure of 
said experimental compound fits the model .of claim S5 ; and 

d) determining whether said experimental compound has an 
IC 50 value of less- than about 100 uM in a VLA^-4 direct binding 
assay . 



15 57. A compound having an I.C S0 of -less than about 50 uM 
identified by the method of claim 56,. 
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5 58 ' The COm P° und of claim 57 wherein said compound has an IC 50 



of less than about 1 jiM. 



ofeales'sqeKSn ^a^out xiM? lw ^ 3:55 Y-c.iTia r ;in j: f>-Aav gn cveri 



| ■ .60. The compound of claim 59 Uerein said compound ha J an 

|10 IC S0 of less than about 10 0 nM . I r 



| 



15 



61 * ^ ^compouiid- of cTaim^ ^0 wherein, said compound: lias j an ' 
IC 5p of less than about . 50 nM.. . , . .. . •.. J 

' 62 • ' A ^thod ;for .identifying, a chemical qompbund^hnVing VLA- 

4 inhibitory activity, said- -method cbm^ 

a) sjelectii^ anjexperimentil contpound jstxugture t P lh» 

evaluated'' for VLA-4 inhibitory activity; 
!:6 rv £fi) ^teSiinxrig ^fller If J "eSerimentafcoipund " 
comprises^ a substructure Having ' about the same shape and 
, volume as diphenyiurea ; pn "*" m " : - .- on - 7!ii5 \ H 

20 - c } - determining- £ne three-dimensional ' st ructure ' of said 
experimental compound; , <>~i--:^ ■ jf. ^■-■■^ 

d)> mapping thW three-dimensional structure of said 
experimental compouhS to' Neg ancf Feature' 1 of the model of 



■ • claim-' I"; ' " - ■•■■'^,■.0 

25: 



• ^determining ir said substructure is within about 0.5 to 

* about '3.0'A of any one of Features 2, 1 , S or 6 of the VLA-4 
: -model of claim 1 . ;; : '' ! ! v ^ - .'■ : ' ; ,. 



63, The method of claim 62 further comprising the step of 
determining whether the experimental compound lias an IC 50 of 
30 less than about 100 uM in a VLA-4 direct binding assay. 



; - 51 - 

64,. .: She: ,^et;hpd:--o£-cl'aim 63 further cortiprfsin'g'' t : he' step" ox 
, determining; whether; the. experimental' compound 'has '.an" i'£f s ' of 
less ..than; about? 50; UM iri-'a ^A^'' direct' binding assiay! ''' 

'' : • fvno<ii5iV.xo?C-XsoI^vod^aisri i.ISrxs' rtJxw fasay3 vl / snoi :?qo 

determining whether : the .experlmentalocomfound h'a.4 ah ' IC 50 . of 1 
less .than about-]., (tMiiifa VTiA-4* direct- "'binding assay?"'" 

66 • The method of qlaim, 6 5. .further comprising the stepibf 
determining whether . the experimental, compound :has an'.'I.C S0 of 
l e f. s ; ^ h ^ n ,.^9u- <; 5;00. nM in. .a. VLA.-4 ;dire.fct binding, -assay;-. ; ,: 

67. - The method of claim 66 f urthex^compri-sing, the ; step of 
determining whether the experimental compound has an. .IC SC of 
less than about 100 nM in^a .,^-4^ ^^ n b.^ndd^ 3l ^e&y^ ; 

68 . The- meth'bd of , claim' 67 further" comprising the step, of 
determining whether the experimental compound has, an . IC, of 
less than about 50 nM in^a VLA-4 direct binding assay,/ , 

69. ■ Cell adhesion inhibitors comprising Formula G3-1 




GB-1 



A 'is selected from the group consisting of alkyi ; aliphatic 
acyl' optionally substituted with N-alkyl- or N-arylamido; 
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■ aroy;^ or -airy 1 s ul f dny r^ara^ky 1 da°r bony 1 

optionally ^^s^.i ( t^t^ ? wdfehv a.^yl ; > he t e rocy bl 6^ky$&&&ohyl ; 
alkoxycarbcpp^ ; ^aya^ylo^ea^ bgnyl ; m'^Y^I aalteJ/& oaiSbbn^P' 1 
optionally fused with aryl ; heterocycloalkdxycarbonyl ; 

^alfeylaminoga^b^^ 
oDtipnally s^atpt^t^ 

alko^yqa^o^^ eaMy35saalf ©ny^ f araikyllul f dnyl ; 

'aryl sulf onyl; cycloalkylsulf onyl optionally. fused with aryl; 
c he^e^ooycO_y^ " : 'M<££Wrl^ ;• " ' * " 

ciral ko^ea^bxs^^;^ T ^^iG^W3^6Hyl '? ri cy cfoaffiy 1 oxycarbonyl ; 

het^sc^^ ^ lifeSfefbeye:^ ; "mono- or 

di-alkylaminocarbonyl optionally substituted with aryl ; 
o( al^kyl )^axa^kyl^^M±L^Gafbbnyl ; mono- or di» , 

a r a 1 ky 1 ami no c a i: 6 o ny 1 ; mono- or cil -aryl aminocarbonyl ; 

(aa^l^fel*^ mono-" or di- 

cycloalkylaminocarbonyl ; heterocyolylamino.carbonyl.: 

het^rocyclyTalkylaminocarbonyl ; ' 

CalkyiT (Heterocyclyl ) aminocarbonyl ; ^ 

(alky!')" (keterocyclyialkyl) aminocarbonyl ; . 

(aralkyl) (heterocyclyl ) aminocarbonyl .* , , tf :£ \ : .... ; v . 0 q s: 

(aralkyl) ( he terocyclylalkyl) aminocarbonyl ; alkenoyl optionally 
substituted with aryl; alkenylsulf onyl optionally substituted 
with aryl; alkynoyl optionally substituted wij J :h aryl; V 
alkynylsulf onyl optionally substituted wi£h aryl-' 
cycloalkenylcarbonyl ; , cycloalkenylsulf onyl ; cycldalkylalkanoyl ; 
cycloalkylalkylsulf onyl ; arylaroyl, biarylsulf onyl ; 
alkoxysulf onyl ; aralkoxysulf onyl ; alkylaminosulf onyl ; 
aryloxysulf onyl ; arylaminosulf onyl ; N-arylurea- substituted 
alkanoyl; N-arylurea-substituted alkylsulf onyl ; cycloalkenyl - 
substituted carbonyl ; cycloalkenyl -substituted sulf onyl ; 
alkenoxycarbonyl optionally substituted with aryl; 
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5 alke;qoxy^ 

alkynpxycarbonyl- optionally ; sub^ ' : ' 

a 1 k ^.oxy s.ul f ony 1, , opt i ona 11 y substi tilted- witfi ri 'a^i : i'-- : Slft4feyl- or 
alkynyl -aminocarbonyl optionally substituted - With' airy]! ; f ' 
. .alkenyl - . or alkynyl- -aminos u If. onyl opt ion'al 1 y : subs t i tuted with 
1 0 ^ .aryl ; r a ey 1 amino-s/ubsti tuted : alkanoyl 1 p < aJcy 1 dmlnd s ubst i tilt e d' ' 
alkylsulf onyl ; aminocarbonyl -substituted carbamoyl- 
. sulss tinted u alk^ 

heterocyclylalkanoyl ; • ..heterocyclylaiivii^ carboxyalkyl - 

. substituted, aralkoyl ; • carboxyalkyl - substituted' araikylsul f onyl ; 

15 oxocarbocyclyl - fused aroyl ; oxocarbocyclyl -f u^ed' arylsuXf onyl ; 
heterocyclylalkanoyl; N 1 , N • -alkyl , arylhydra^inocaxbonyl ; 
a ryloxy- substituted alkanoyl and he t e r o cy c 1 yl al ky 1 s u If onyl ; ' 
alkenyl , alkynyl , cycloalkyl , aryl - fused cycloalkyl , • ' • 
cycloalkenyl , -a^l , ;r 5L^l^s , aryl- 

20 substituted alkenyl or alkynyl , cycloalkyl -substituted' alkyl , 
cycloalkenyl- substituted ; oyel;oal ; kyl , ,biaryl > alkoxy , alke'noxy, 
alkyn'oxy , aryl -substituted alkoxy ( "aralkoxy") / aryl- ■ 
substituted aikenoxy or alkynoxy,- alkyiarnino , v alkenylamino or 
alkynylamino , a ry 1 - sub s t- i- tuted., alkyiarnino ,•' aryl- subst ituted 

25 alkenylamino or alkynyl amino > r a^loxy', aryl^iriino:; : itf-al^liirea- 
substituted alkyl, N-arylurea- substituted alkyl, 

alkyl carbonylamino- substituted- alkyl , aminocarbonyl- substituted 
alkyl , heterpcy.clyl , heterocyclyl - substi tuted alkyl , 
heterocyclyl -substituted amino, carboxyalkyl substituted 
30 ar alkyl , oxocarbocyclyl - fused aryl and heterocyclylaikyl ; 

n = l -4 ; 

When R 1 is H, n=2-4; or when n=l/" only R 3 or R 5 is H; 

R 1 and R 4 are independently selected from the group consisting 

of H, alkyl, aryl, aralkyl ; alkyl optionally substituted with 
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5 cycloalkyl, cycdoadkenyl^^eteroGryclfe- aikehVl^kyWf, 2 
^^iv^pxyl^^ 

,c . ^lkoxycarbonvl /;; c:arboxamide, amine, ' alkyisulfoneV^ ' / . 
alkylsulf oxide; , • . : * r id.-. .• -.•:•„• .[ vaod ':: s-;o;- 1 m e - 1 vrrv d I & 

• it i:w is ^^e.d .fefpnt the ^o^-Gdnsl^^ 

1Q , : optionaIly substituted, w.i famine/ cyclbaikyiv ; aikyl^one,' 
-, .and alkylsulf oxide.;;, ; ;„..•. lv.;oa- ^vj; .;i.in;,t, ; ;. vruddi: ij £ .b; d i a 

R 3 is .selected from, the .group^eonsisting^ot^; Wlkyi/ana alkyl 
opt ional ly sub.s.t ituted with- aralkoxy , hydroxy ; ' ' : - ' : 
. X is selected. from; the group- con>Hsting 'oi' •• ai 2 - /' S/ ' 0,' m\ 
15 NCOR 7 ,.. and NS0 2 R 7 ; : . , .; ^,o-o ; i, v^:.;:: '- -di - r--'^ ^ '■■"o^ '?T 
■ : \ m /^ : A, .flf:" :fexi ; Vif '.v-'v.-: , : / V^X s / . ! ■ ■" . d' : or: : ; ;d lad; ;..'rr.;o\: '. 
. p . is 3 or,. 4; ., ; . . : hr, £ | W v :K} ;t;. d* j ujd - ad us txoIy^ s 

q and r are independently l or 2; . ..v/tv.* . :vT;.,j;j> 

. JT and R 2 may be. taken together to^ f orm - (CrV) p - br'^ 
20 .{CRy) q X(CRV) r -;-. . ... . . .. :v, v r,, ivn->as r ,. : A. J?sd;^.-:"" 0 5 

• - and ma V be-taken. together, to fdrm - ( ' Cr'r 2 ) ^ or " d^ ■ 

(CRVl^fCRV).,.-;, . .- v>:'>;jfi':« :- 3 i-L-'" ! dusd.vxs YM;r/>li.,, 

R J aiid R s may be taken together .to romv' - ( CRVtl,- ; ' ; * 
R 5 is selected Crom the. group- consist in'g of H / hydroxy;' 
25 alkyl, .NH 2( NHSp 2 R 7 ( N1IC0R 7 , : and ' NHCO.R 7 '^ or-Tsiv^iis dv 

R7 is selected from the. group consisting of- .alkyl-; aryl- 
aralkyl; and alkyl optionally substituted with cycloalkyl, 
cycloalkenyl, he.terocyele, alkenyl , alkynyl, alkoxyl, - hydroxy 1, 
halogen, aralkoxy, thioalkoxy, carboxy, aikoxyca-rbonyl-; and ^ 
3 0 carboxamide ; 



adhesion inhibitors comprising .Formula' GB-2 



- 55 ~ 




10 



■ A is the same as defined in .feUf?^^f ^ 

Q is -CH 2 -; -CH=CH-, or -CH 2 ai 2 - ;, . < , _ = q •• 

• .elected fro* the group cone.st.ng of - 
. Z is. selectea an d.-C0NR-; 
en m\ NCOR 7 , NS0 : R , "NCO.R , an . 
-SO- , -S0 2 - , ' alkvl, aryl, 

r rVkP aroup consisting of H, aj-isyx. i 

15 carboxamid^;gg| 4 ^ W Waiting of H, hydroxy, alkyl. 

NK„ N-W, and"NHC0R 7 ; ^ aral^. ; alkyl 

7 . ■ w ted from the group of ■ alkyl. a y 

- tiOMUy ^ " " alkynyl . O^X. «^ 

aralkoxy, thioalkoxy, 0, NR ,. 



f^RD?" Vi'V^W .' ■ ^w^tected from 1, 2, 
.and r ^|^W , :f'J-|fi ■ 
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